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Abstract 
Several l ines of evidence have shown that genetic variability 
exists within the barley species (Hordeum vulgare L.) with respect 
to the kinetics and specificity of yeast ribonucleic acid degradation. 
Initial eff orts demonstrated that ribonuclease (RNase) , in the crude 
soluble protein f raction from the cultivar Dicktoo, was inhibited 
by KCl and phosphate. RNase activity was enhanced if heated to 60 ·C 
for short periods. In contrast, RNase in the crude soluble protein of 
the cultivar Tennessee Winter showed no altered response by either KCl 
or phosphate. Maximal RNase activity was at pH 5. 0 f or extracts of 
both cultivars (0.16 M KCI) , but after desalting the protein f raction on 
Sephadex G-25, RNase activity was maximized at pH 7.0 (without KCl) . 
Various chromatographic substances were used in attempts to purj_fy 
RNase of the crude solubl e protein fraction. The column chromatographic 
sequence ultimately selected f or the crude protein fractionation was 
as follows: Sephadex G-25, Sephadex DEAE A-50 (with KCl in the 
el utant) and Bio-Gel P-100 (which separated the cy clizing RNase peaks 
·, 
I and II). RNase peak I was f urther purified by the column sequence of 
Bio-Gel P-100 (eluted with 0. 2 M KCl) , and Sephadex DEAE A-50 (eluted 
with a Oto 0. 4 M KCl linear gradient) . The enzyme f rom the last step 
was desal ted and rechromatographed on a Bio-Gel _P-60 column. 
Characterization of the rechromatographed RNase peak I and the 
RNase peak II of the first Bio-Gel P-100 step showed that each reacted 
differently t o  alter ations of KCl and pH in an assay with yeast RNA. 
The f inal pur ification steps showed that total RNase act ivity ex-
tracted f r om t he Tennessee Winter tissue was higher t han f or Dicktoo 
t issue. RNase peak I (pH = 7.0) exhibit ed mor e activity than max. 
RNase peak II for t he Tennessee Wint er pr epar ations, but the r everse 
or der of act ivity was shown for the two peaks f r om Dicktoo pr epar ations, 
i. e. - higher act ivity f or RNase peak II (pH = 5. 0) . max. 
A compar ison of degr adation r ates of synthetic polynucleotides, 
Poly A, Poly C, Pol y G, Poly I and Poly U by RNase peak I f r om the two 
cultivar s, showed no activity f or Poly U. The pr otein f rom 
Tennessee Winter bar ley was distinguished fr om that of Dicktoo 
pr epar ations by its incr eased activity with Poly A and .Poly G, while 
activity on Poly I and Poly C was slightly gr eater for t he Dicktoo 
der ived enzyme. 
INTRODUCTION 
The -frequ��t use of th e term ribonuclease (RNase) to describe 
any enzyme which degrades RNA has led to confusing terminology (2) . 
Three enzyme groups are often included in RNase terminology. RNase(s) 
of the first group, phosphotransferase, has the Enzyme Commission number 
2. 7. 7. 16 (9) . The product of th is enzyme is 2', 3'-cyclic monophos-
phate nucleotides, wh ich leads to the common use of the term cyclizing 
RNase. Numerous enzymes in th is category, e.g. - bovine spleen and 
pancreatic, snake venom, and Mung bean I RNases, have been separated and 
described on the basis of their specificity for a certain base and re-
quirement of either a 3' or 5' OH group. The second group, ph ospho-
_diesterase, has an Enzyme Commission number 3. 1. 4 (9) . This group of 
enzymes cleaves the phosphodiester bond of cyclic nucleotides and poly-
nucleotides yielding 3' or 5' ph osphoric nucleotides. The term phospho-
diesterase is commonly used for enzymes having this function. The third 
group, ph osphorylase, h as Enzyme Commission number 3. 1 .  3. 1 or .2 (9). 
Its enzymatic action results in h ydrolysis of the orthophosphoric mono-
. . . 
ester bond . The enzyme(s) has many substrates of which nucleic acids 
with free terminal phosphate is only one. This includ es polynucleotides 
and nucleotides. The term acid phosphatase or al kaline phosphatase is 
commonly used depending upon th e pH for maximal activity. This paper 
will use the term RNase to d escribe only the cyclizing RNases. 
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As reviewed by Barnard (2), the function of RNase in the cell may 
involve: 1) defense against for eign viral RNA, 2) synthesis of poly­
nucleotides, 3) a general intracellul ar digestive function, and 4) 
removal of informational RNA (messenger RNA) . Study of the genetic 
code often involves "in vitro" protein synthesis and it is frequently 
necessary to inhibit RNase action on messenger RNA (1 1) . In extraction 
of stable polyr ibosomes (undegraded mRNA-ribosomal complex) , the en­
zymatic action of RNase has been inhibited by use of the substances 
such as bentonite (37), polyvinyl sulfate (5) , and diethyl pyrocarbonate 
( 35, 39). 
The removal of stable polyribosomes from the two barley cultivars, 
Dicktoo and Tennessee Winter, r equired an extraction buffer having a pH 
of 8 . 0 and 8.4, respectively, a high salt concentration (0.4 M KCl), and 
the presence of a reducing agent (4 , 21). The requirement for high salt 
in extraction has been observed by other investigators (6, 18, 44). 
Contaminating RNase resulting in degradation of polyribosomes has been 
reported in extracts from corn (1 9) and muscle tissue (26). The ne­
cessity of inhibiting RNase or eliminating RNase from polyribosome 
preparations is described by Mcconkey (27) . High ionic strength has 
al lowed for the removal of extraneous proteiri, particularly basic pro-
teins, from polyribosomes (29 , 4 4 ) . Wilson (40, 41 ) has reported re-
moval of RNase from mitochondria and microsomes by inclusion of 0 . 5  
M KCl in cor n seedling extracts. Also, Earl Cl?) reports r emoval of 
contaminating RNase fr9m polyribosomes by use of 0.25 M NH4c1 in the 
extraction med ium. 
In addition to the requirement of 0. 4 M KCl for extraction of 
polyr ibosomes f rom the barley cultivars, Dicktoo and Tennessee Winter, 
· Johnson (2l) reported that a differential pH requirement was necessary 
to achieve equivalent stability of polyribosomes. An extraction pH of 
8.0 was necessary for the Dicktoo cultivar, while pH 8.4 was necessary 
for Tennessee Winter. At pH 7.8 extraction, Dicktoo· polyribosomes 
showed a much higher d egree of stability than polyribosomes from Ten-
nessee Winter barley. RNase assay of the 144,000 x g supernatant 
fraction of the cultivar extracts indicated a higher level of RNase 
activity for those of Tennessee Winter as compared with extracts fr om 
the Dicktoo cultivar. 
Thirty-two progeny lines of a Tennessee Winter-Dicktoo cross als@ 
showed a range of polyribosomal stability (21) . RNase activity of the 
progeny revealed an inverse relationship between polyribosomal stability 
and the level of RNase activity. Progeny with relatively unstable poly-
ribosomes (measured in extracts obtained at pH 7. 8 )  had high RNase 
activity, while those with relatively stable polyribosomes had relative-
ly low RNase acUvi ty. 
The correlation between polyribosom� stability and RNase activity 
,) ' 
suggested :further investigation of the RNase content o:f the cultivars, 
Dicktoo and Tennessee Winter. If di:fferential extraction requirements 
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f or stable polyribosom�s from Dicktoo and Tennessee Winter barley are 
due to diff eren tial RNase activity, then consideration may be given to 
the following aspects which could explain dif ferential RNase activity: 
1) dif fering amounts of membrane attached substrate affording protection 
against RNase degradation, 2) the presence of an inhibitor or a coenzyme 
requirement, 3) the quantity of various nucleases, which could act on 
RNA substrate at differing rates, 4) differ ences in the structure and/or 
specificity of the RNase of the two cultivars, and 5) uniqueness in the 
substrate of each (mRNA). Differences in the RNase(s) can be identified 
by purification and characterization of the enzyme(s) . This character-
ization may ultimately of fer an explanation f or the conditions required 
in extraction of stable polyribosomes from the two cultivar s. 
Purification of RNase f rom animal tissue is of ten difficult and 
the purification of plant RNase is not an exception (2). Cyclizing 
RNase f rom plants has been isolated from diesterase and phosphatase in 
several instances, but in few cases has it been purif ied to a homoge­
neous state (30). When present as contaminants, phosphatase and phos­
phodiesterase activities compound and confuse attempts to characterize 
the specificity of cyclizing RNase. These enzymes present a major 
deterrent to purif ication and characterization due to their great 
abundance (31), large number of isozymes (8), enzymatic action on nucleic 
acids (2) and molecular weight (13, 36), which often is similar to 
cyclizing RNase . 
Phosphatases are generally very stable. Sneid er (34) has shown 
that elimination of phosphatase activity in Escherichia coli pre-
arations required heating at 100 C for two hours at pH 3. 0. Theo-
phylline will render phosphodiesterase inactive (1 5) and reduce the 
(> 
activity of ph�sphatase without affecting RNase. 
Rather labile enzymes have been.purified to high degree by use 
of certain column chromatographic materials. These materials allow 
the investigator to take advantage of the enzymes properties of iso-
electric point, surface charge, active site(s) , and conformation. 
Two factors are important in enzyme purification; these are the 
removal of all other proteins from the enzyme, and the retention of 
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enzymatic activity throughout purification. Thus the factors of time, 
temperature, the presence of inhibitors and the possible requirement 
of a coenzyme or cofactor must be considered. 
Purification and characterization of an enzyme is an important 
first step in demonstrating its-role and specificity in a metabolic 
system. The ul timate understanding of its cellular function may 
require a broader appreciation of regulatory factors as they exist 
in the cell. An in vivo description of RNase may be visualized as 
depending upon coordinate activity of other hydrolyzing esterases 
acting upon the substrate (RNA) . Thus, description of RNase activity 
through various stages of pur ification requir es evaluation of these 
associated enzymes as well as natural and artificial inhibitor s. 
. METHODS AND MATERIALS 
The RNase purification and characterization has involved ex-
pl oratory or pilot experiments using small quantities of harvested 
tissue (approximately 15 g) , f ol l owed by ,purif ications using larger 
quantities of tissue (300 g) . The methods invol ved in the explora­
tory experiments wil l be presen ted separately from th ose involved in 
l arge scale purif ication. 
Growth and Preparation of Plant Material : Methods used in seedling 
culture, harvest and preparation are common to both exploratory and 
l arge scal e purifications. Barley seeds of Hordeum vul gare L. Cv. 
'Dicktoo' and 'Tennessee Winter' were germinated in the dark at 25 C 
for about 88 hours, yieldin g shoots 40 to 50 mm in l en gth. The 
germination procedure consisted of pl acing 40 seeds in a plastic box 
6 
(4 3/8" x 4 3/8" x l") containing a double thickness of blotter paper, 
which was moistened with 25 ml of O�l mM Cac12 sol ution. Eight boxes 
were pl aced in a tray containing 7 5  ml water, covered with opaque 
plastic (4 mil ) ,  and maintained at high humidity and a temperature of 
25 C during germin ation and seedling growth in a controlled growth 
chamber. When germinated in this manner, each tray of seeds produced 
about 15 g of shoot tissue on a fresh weight basis. 
Tissue harvest con sisted of precool ing the tissue to O C, ex-
cision of shoots slightl y above juncture with the root tissue, and 
placing them in folded·3" x 3" aluminum foil envelopes. This size 
envelope can accommodate 2 to 10 g of tissue for freezing. En­
velopes were placed immediately into powdered Dry Ice or a liquid 
CO2 chamber for quick freezing. All work subsequent to freezing 
of tissue was done at O C. Following 15 to 20 minutes of freezing 
in Dry Ice, the envelope was placed in an iced mortar and the tissue 
was immediately pulverized before thawing occurred. The pulverized 
tissue was transferred to either a beaker or test tube (depending on 
sample size) and allowed to warm to O C, at which time extraction and 
isolation of RNase began. 
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·Preparation of Extraction Medium, Column Materials and Buffers: The 
method of preparation of these materials and the solutions used were 
common to both exploratory and large scale purifications. All solutions 
were prepared with double-distilled water (all-glass distilling appa-
ratus) . The basic tissue extraction medium consisted of 0 . 25 M sucrose 
0. 4 M KCl, 0.02 M magnesium acetate, and 0. 005 M 2-mercaptoethanol 
in 0 .05 M Tris-HCl buff�r adjusted to pH 7. 8 with 4.0 N HCl. All 
chemicals used were reagent gr ade. Column chromatographic gels of 
Sephadex G-25, G-50 , 'G-75, G-100,  and Bio-Gel A-0 .5m Agarose were 
swollen in 0 . 05M Tris-HCl buffer, pH 7. 5, f or 3 to 4 hours in a boiling 
water bath. Buffer was added to the column to a depth of 3 to 5 cm 
prior t o  adding the gel slurry. The column bed was formed by pouring 
a well-mixed slurry (equal volumes of settled gel and buff er) down a 
8 
glass rod into the column. When using small d iameter col umns, a column 
extension was used to facilitate forming the bed for a column in one 
operation. After a 1 0-15 min ute stabilization period , the col umn outl et 
was opened all owing bed packing at hy drostatic pressure or at a 20 cm 
pressure head for Sephad ex G-75 and G-100 gels. Two bed vol umes of 
buffer were eluted prior to sampl e application. Care was taken to have 
columns mounted vertical ly to avoid peak distortions and maximize reso-
lution of samples. The void volume was determined by the use of Blue 
Dextr an 2000 .  The partition coefficient was d etermined by the equation 
Ve-Vo 
kav = as described by Pharmacia F ine Chemical s, Inc., Piscataway, VtVo 
N .  J. Molecular sieve gels of Bio-Rad P-1 0 0, P�6 0 andP-30 (Bio-Rad 
Laboratories, Richmond , Calif.) were swol l en and formed into col umns 
like the Sephad ex gel s. The Bio-Rad gel s (P-10 0  and P-6 0 )  had the ad -
vantage of faster flow rates than correspond in g  Sephadex gel s, with 
simil ar exclusion limits and comparable operating hydrostatic pressures� 
An operating hyd rostatic pressure head of 60  cm an d  100 cm was used for 
the P-100 and P-60 gels, respectivel y. 
The Sephadex ion e.xchange material s, DEAE A-50, D EAE A-25, QAE 
A-50 , and DEAE cel lul ose (Pharmacia F ine Chemical s, Inc., Piscataway, 
N. J.) were swol l en in 0 .05 M Tris-HCl buffer, pH 7.5, for 24 hours at 
room temperature. Cel lulose phosphate (Sigma Chemical Co. , St . Louis, 
Mo.) was swollen in 0 .05 M cacod yl ic acid (d imethylarsenic acid ) at 
pH 5 . 5, ad justed by acetic acid add ition. Hyd roxyl apatite (Bio-Gel 
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HTP , Bio-Rad la boratori es) was swol l en in 0 . 05 M KH2ro4 - KOH b uffer 
(pH 6.5) . The fines of all materi al s were removed by d ec an tat ion 
sever al ti mes dur i ng swel l ing. After swell ing, all materi al s were 
wash ed wi th bu ffer in a Buchner funnel until the eluate pH  was 
equival ent to that of the wash buffer. Col umns were poured i n  a manner 
si mil ar to those used for gel fi ltrati on wit h  bed packing at a hy­
drostati c pressure head equal to 6 0  cm for. DEAE A-25, QAE A-50 , and 
DEAE Cellulose . A 40  cm hyd rostatic pressure was used for hydr_?:xylapati te. 
Methods For Exploratory Puri fication 
Tissue Ex tracti on of RNase for Expl oratory Puri ficati on. Extracti on of 
RNase was accompl i shed by adding 8.0 ml of the extract ion medi um to 3 
g t i ssue whi ch was frozen by Dry I c e, powdered and placed i n  a test 
t ube. Tissue was homogeni zed with a Teflon pestl e and then filtered 
through Miracloth i n  a Buchner fu nnel and rinsed wi th 2.8 ml of the ex -
traction medi um. The filtrate was centri fu ged at 12, 0 0 0  x g for 10 
minutes. The resulting supernatant solution was centrifuged at 144, 0 0 0  
x g i n  a Spi nco Model L....:·2 ul tracentrifuge f or 2 .  5 hours (Fig. 1). 
Explora tory .Purifi cation. The 144, 000 x g supernatant was chromato­
graphed on a Sephad ex G-25 column (0. 9 x 45 cm) . A 5. 0 ml sampl e was 
layered onto th e column and eluted wi th the equi librati on buffer. 
12 _ g  ti ssue 
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Appl ied to various p urif ication techniques 
Fi g. 1. Pr oc edure for exploratory p urific ation and charac teriz ati on 
of RNase. 
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(0. 0 5  M Tris-HCl , pH_ 7 .. 5 ). Var ious experiments were conducted u sing 
the 141, 000 x g sup ernatant and pool ed protein fractions obtain ed by 
Sephadex G-25 c hromatography. 
Fifty ml of Sephadex G- 25 protein were chromatographed on 
various ion exchange mat erials: Sephadex QAE A- 50, Sephadex DEAE 
A-50 , and DEAE c el l ul ose. A 1 . 9  x 2 5  cm column of each ion exchange 
material was used in chromatography of Sephadex G -2 5  protein with 
elution by a linear salt gradient (100 ml each of 0.05 M Tris-HCl 
buffer, pH 7. 5, , and 0. 4 M KCl in 0.05 M Tris-HC l buffer , pH 7. 5 ) .  
Three ml of Sephadex G-2 5 protein was l ayered on a c olumn (0.9 x 25 
1 1  
cm) of h ydroxyl ap atite and el uted with the eq uilibr ation buffer ( 0 . 0 5 M 
·KH2Po4, pH 6 .  5 ) . Fifty ml of G-2 5 pro tein was layered o n  a .cel lul ose 
_ phosphate column (l.9 x 1 8  cm) and el uted with a linear salt gradient 
(100 ml each of 0.05 M cacodyl ate buffer , pH 5 .5 , and 0 . 5 M KCl in 
0.05 M cacodyl ate buf fer , pH  5 .5 ) . 
Characterization of RNase. The products of RNase digests of yeast 
RNA (Crestfiel d )  were s�parated by col umn chromatography on Sephadex 
DEAE A-2 5. The digest p roducts were made 7 M with respect t o  urea in 
0. 0 5  M Tris-HCl buffer (pH 7.5 ) and were el uted by a l inear sal t 
gradient (200 ml each of ·o. 0 5 , M Tris -HCl buffer ,  pH 7 .5 ,  wi th 7 M 
tn· e a  and o .. 3 M ;K�l i n  O.  05 M Tr is-HCl buffer, pH 7. 0 with 7. 0 M urea). 
Assay Pr ocedu r e. The level of RNase enzymat ic act ivit y was mea sur ed 
using a modif icat ion of t he pr ocedur e descr ibed by Tuve and Anfinsen 
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(37 ) .  One ml substr at e buf fer (0 . 125 M cacodylate adjust ed t o  pH 5. 0 
with acet ic aci� ) , 4.0 mg of yeast RNA as pr epare d  by Cr est f ield in 0.4 
ml H2o,. 0 . 1  ml of water ·, and 1 . 0 ml enzyme wer e inc ubat ed 30 t o  6 0  min­
ut es at 37 C. RNase assay .at pH 7. 0 used 0 .  062  M c acodyla t e  and 0. 062 M 
Tris bu� fer s, with pH adj ust ed t o  7. 0 by addit ion of glacial acet ic acid. 
Ot her componen ts of t he assay wer e the same as in t he pH 5. 0 assay. In 
assays in volving salt, t he salt addition was made in a 0.2 ml volume 
with an equivalent r educt ion in t he amount of H2o,  so the t ot al vol ume 
of t he mixt ur e was 2.5 ml. Following incubat ion, t he mixtur e was 
immediately cooled to 0 C, and the r eaction st opped by pr ecipit ation 
wit h 0.5 ml of 25% per chlor ic acid containing 0 . 7 5% ur anyl acetat e. 
The samples were centr ifuged for 5 minut es and t he UV absor bance of t he 
diluted super nat an t (1 : 40 )  was r ead at 26 0 nm  in a 1 . 0 cm cell of a 
Beckman DB-GT spectr ophotometer. One unit of R Nase act ivity was de-
fined as the amount of enzyme which pr oduced a change in absor bance at 
260 nm  of 0 .  0 1  A un i ts;· Modificat ions of the above pr ocedur e will be 
not ed in appr opr iate figur e or table legends. 
Calculations of act ivity w er e  based upon t he amount of pr ot ein 
det er mined by the Lowr y pr ocedur e ( 25 ) ,  using bovine ser um albumin as a 
standar d. The use of t he ter m  RNase act ivity in dat a of explor ator y 
pur ification does not imply pur it y of t he enzyme , but rat her t he lev el 
of ac tivity. Specific ·activity of the large s cale ,pur ifi cation does 
imply a hig h degree of enzyme purificatio n. By cont ras t ,  the us e of 
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the term RNas e activity does not imply a d es cr iptio n  or characteriz ation 
of t he enzyme as to its content of phosphotransferas e or a h ydrolyzing 
phosphodiesteras e. This descr iption mus t  await id entification of the 
prod uct(s ) der ived from the action of the enzyme upon var ious s ub-
str ates . RNa s e  activity is the degradation of yeas t RNA (Cres tfield ) .  
The level of phos phatas e activity was measured by the procedure 
of Anraku (1) with modifications. An ass ay mixtur e cons is ted of 1. 0 
ml 0. 125 M cacodylate (pH 5. 0 adj us ted with acetic acid) , 0. 4 ml of 
-5 2.5 x 10 M p- nitrophenyl phos phate ( Sigma 104 ) ,  1. 0 ml enzyme and 
0.1 m l  of water to g ive a 2 . 5 ml total volume. Th e mixtur e was in-
cubated at 37 C for 30 minutes , cooled to O C, which was f ollowed by t he 
addition 1.0 ml of 0.3 N NaOH us ed to s top the reaction. Pre-
cipitated materials wer e r emoved by centr ifugation and the UV ab-
s orbance of the dilu ted s uper natant was read at 420 nm. The ass ay of 
phosphodies terase acti vity was similar to phosphomonoes teras e, except 
the s ubs tr ate was bis dinitrophenylphosphate (fr om Sig ma) . Activity 
was defined as des cr ibed for RNas e, except for the us e of 420 nm and 
the des ignation of a change of 0. 10 abs or bance as a unit. Calc ulations 
of protein conten t was d etermined by the Lowr y  procedur e ( 25) and used 
bovine s erum albumin as a s tandard. 
-2 7 4 2 9 7 
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La rge-Scale RNa se Purifica ti on 
Tissue Preparation. The quantity of shoot tissue which could be 
e xtracte d at one time was de te rm ine d by the liquid capacity of the 
Spinco Mode l 30 rotor. Using the polycarbona te ce ntrifu ge tu bes, 
this volume wa s a bout 300 ml , the volu me of buffer ne ce ssary fo� the 
ex tra ction of 100 g of shoot tissue. The obj ective s of late r ste ps 
of purifica tion were to re du ce both the liqu id volu me a nd extrane ou s 
prote in content of the e xtract. The extent of these redu ctions 
dictate d  the numbe r of ce ntrifu ge spins that cou ld be a ccommodate d  
and the re fore the total tissue re quired to obtain satisfactory quan­
titie s of purif ie d  RNase. Three centrifugations, or three 10 0 g 
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sample s of tissue from ea ch cultivar, provided a de quate crude prote in. 
All the solu ble prote in from 300 g of tissue f rom each cultivar was 
pooled a fter ce ntrifu gation, since difference s of time be twee n  ex-
tractions had no  de te cta ble influence on RNase activi ty. 
Extraction of RNase was accomplished by adding 260 ml of the ex-
traction me diu m  to 10 0 g of tissue , powde re d in the f rozen  state . 
and pl ace d in a beaker. Af te r  5 to 10 minute s of stirring, the 
homoge nate was filter,e d  through Miracloth in a Bu chne r fu nnel. Forty 
ml of buffe r was added  to the beaker and the rinse f iltered throu gh the 
residue on the Miracloth. The filtrate was ce ntrifuged at 12, 0 0 0  x g 
for 10 minute s. The re su lting su pernatant solu tion was centrifuge d  at  
105, 0 0 0  x g in a Spinco Model L-2 u ltra centrifuge f or 2 .5 hou rs. 
The supernatant solution (3 00 ml ) was chr omatogr aphed on a 
column (5 . 5  x 50 cm or 4 . 3 x 60 cm ) of Sephadex G-25 with 0 . 05 M 
Tr is-HCl (pH 7 .5) buffer .  Three columns of Sephadex G-25 we r e  
nece ssar y t o  accommodate the total 900 ml of e xtr act. The initial 
elution peak contai nin g  pr ote in, as de termined by absor bance at 280 
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nm , was pooled  f r om three columns and laye red on a 4 . 6  x 25 cm co lumn 
bed of Sephade x DEAE A-50. After layer ing th� pooled · fr�ctions 
on the DEAE A-50 column, the col um n  bed was washed wit h 0� 05· M 1r is­
HC1 at pH 7. 5 until all mate r ial with abso r banc � at 280 nm · was eluted . 
The bulk of the pr ote in (incl uding RNase ) was e luted by a b uffer 
solution of 0 . 0 5  M Tr is-HCl, pH 7.5, cont aining 0. 4 M KCl .  The e l ution 
peak cont aining RNase was de salted . i_n . appr oximately 30 minute s using a 
Bio-Rad hol low fib e r  Bio-filter 50 dialyzer . · The de sal ted pr ote in was 
conce ntrated by ly ophilization in a Vir tis automatic fr eeze dr ye r  
. Mode l No. 10-010. The ly ophilized pr otein was su spe nded in 5.  O ml H2o, 
l aye r e d  on a Bio-Gel P-100 column (2.4 · x 60 cm) and e luted with 
the col umn e qui l ibration buffe r (0.05 M Tr is-HC l ,  pH 7 . 5) .  Two peaks 
of RNase activity were e luted. The fir st pe ak (peak I)  was fur the r 
pur ifie d as de scr ibed below. Peak II was lyophilize d and stored at 
-20 C for late r c har acte r ization. 
Pe ak I was c once ntr ated by lyop hilization, r e suspe nded in 5. 0  ml 
of a 0 . 2 M KCl solution, laye red on a Bio-Gel P-1 00 col umn (2.4 
x 60  cm) and e luted with the equilibration sol ut io n  (0.2 M KCl in 
0 . 0 5 M Tr is - HCl buf fer ; pH 7 . 5) . The single RNase peak o btain ed was 
again desalted by us e of  the Bio-Filter 50 dialyzer and applied to 
a Sephadex DEAE A-50  column (1. 9 x 25 cm) equil ibr ated with 0.0 5  M 
Tris-HCl buf fer , pH 7 . 5. Following r emoval o f  non - bound pro tein by 
rinsing with equilibr ation buffer , the RNase was el uted by a lin ear 
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sal t gr adient (100  ml each o f  0.0 5  M Tr is -HCl, pH 7.5, and 0 .4 M KC1 
in 0.0 5  M Tr is -HCl, pH 7.5) . The s j ngle RNas e peak elu ted from DEAE 
A- 50 was desal ted and concentr ated by lyophilization . The lyophilized 
RNas e was sus pend ed in 1.5 ml H20 and layer ed on a Bio�Gel P-60 
column (1.9 x 30 cm) equilibr ated with 0.0 5  M Tris , pH 7.5. Elution 
fol lowed, us in g  the equil ibr ation buffer . The s in gle r esulting peak 
of RNase activity was us ed for char acter ization studies. Al l column 
chro matogr aphy w as mon itor ed at 280 nm with an Isco Model UA-2 analy zer. 
Character ization Methods for Lar ge Scale RNase .Pur ifi cation. For d eter -
mining s pecificity , synthetic pol yn ucleotides A, C ,  G, U, and I (Miles 
.Polyn ucl eotides fro m  Mil es Labor ator ies , Inc. , Kank ak ee, Ill.) w er e  
us ed as substr ates for the Bio -Gel P- 60 pur ified enzymes. The pro­
cedur e o f  Sier r al ta an� Minguell  (33) was us ed with minor changes. A 
0. 5 ml final volume o f  incubation mi xtur e con tain ed 1 7 -20 mg o f  RNase 
in O. 1 ml of O. 0 5  M Tr is -HCl buff er ( pH 7. 5), and 200 ug o f  poly-
n ucleo tide, wer e incubated at 37 C for 30 min utes. After chil li ng 
in ice for 5 min utes the r eaction with pol y  A, G, C and I was sto pp ed 
by the addition o f  0.5 ml of  1 0% trichloroacetic acid. The assay wit h 
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Poly U was stopped b y  t he addit ion of 0.5 ml of saturat ed ammon ium 
sulphat e s olut ion. The react ion mixture was centrifuged 15 minut es a t  
12 , 000 x g. The super nat ant was diluted ,  if necessary , and abs or bance 
meas ured at different wave lengt hs (from 240 nm t o  300 nm ) against t he 
respect ive co nt rols . 
As say Procedures. The RNase act ivity was meas ured wit h y east RNA 
(Cr est field) as subst rat e as described in the s ection under expl orat or y 
purificat ion. Variation from this was t he us e of less t han 1.0 ml 
enzyme. The vol ume difference was equated by ad dit ion of appr opriat e 
amount s of wat er. RNas e act ivity is defined as in t he explorat ory 
purificat ion s ect ion. 
The assay of phosphat as e and phosphodies t eras e were conduct ed as 
in t he explor at ory purif icat ion sect ion. 
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. RESULTS AND DISCUSS ION 
Pr operties of RNase in Cr ude .Pr otein fr om Dicktoo and 
Tennessee Winter Bar ley 
Bef ore any attempt to isolate RNase fro m  other enzymes was ma d e, 
it seemed d esirable to d eter mine the response of the RNas·e to the com-
ponents of the extraction medium which could i nfluence the enzyme 
activit y during pur ification and character ization . The pr eparation of 
the cr ude enzyme (144,00 0  x g super natant) is d escribed in Fig. 1. 
Effect of KCl on RNase Assay . Extraction of stable polyribosomes from 
Dicktoo and Tennessee Winter cultivars has requir ed 0 . 4  M KCl in the 
extraction med ium (4, 2 1) . Wilson (41) has r epor ted that contaminat-
ing RNase (which d egraded polyr ibosomes) can be r emoved fr om poly-
r ibosomes by incl usion of 0 . 5  M KCl in the extraction step. Extraction 
with and without KCl allowed for investigation of the KCl effect at 
the 144, 000 x g stage of pur ification. The possible inhibitor y effect 
of KCl on RNase activity wa s also investigated. RNase f r om D icktoo 
·, 
and Tennessee Winter showed a d iffer ential r esponse to var ying levels 
of KCl at the 144,00 0  x g stage of pur if ication (Fig. 2) . . Assa yed at 
pH 5. 0, RNase activity of the Tennessee Winter pr eparations r emai ns 
constant in the r ange fr om 0 . 0 to 0 . 46 M KCl, while Dicktoo 
1 6 0  
1 4 0 
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Fig. 2. The effect of KCl on the yield of RNase in the 144 , 000 x g 
supernatant fraction from barley tissue and its influen ce on RNas e 
activity during pH 5 . 0 assay : • -- , Tennessee Winter with 0 . 4 M 
KCl in extraction ; o-- 0, Tennessee Winter with out KCl in extraction ; 
•- - - -. t Dicktoo with 0. 4 M KCl in extract ion ; 0 ----0, Dicktoo without 
KCl i n  extraction . Act ivity is defined in Methods and Materials. 
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declined relatively sh arply with an inc rease in KCl con centrat ion of 
0.1 6  to 0 . 4 6  M. 
Effect of pH on RNase Assay. The requirement of pH 8. 0 or 8.4 of the 
extraction medium for Di cktoo and Tennessee Winter, respectively, in 
preparing stable pol yribosomes suggested the possibility th at more than 
one RNase was present. Th is seemed plausible, since Wilson (41) iden -
tif ied two RNase en zymes associated in the microsomal f raction o f  c orn 
extracts, . each having slightly dif ferent pH requirements. RNase I I  
activity had an optimum pH plateau in th e rang e of 5 . 4  to 7 . 0 ,  while 
soluble RNase I activity had an optimum pH of 5 . _0 .  
With 144 , 000 x g supernatant extract as an enzyme source (Fig. 3) , 
the greatest RNase activity f or both Dicktoo and Tennessee Winter 
preparatio ns was f ound in the pH ranges of 4.5 -5.0 .  The supernatant 
fraction contained KCl wh ich made the final assay concentration 0 .16 M 
w ith respect to this salt. The RNase activity of all pH values was 
consistently higher in the Tennessee Winter extracts, but particularly 
in the region of pH 7 to 8 .  Explanation f or the higher pH requirement 
of 8. 4 f or extraction of stable polyrib osomes f rom Tennessee Winter in 
contrast to pH 8.0 for Dicktoo is n ot direc tly explained by the higher 
RNase activity of Tennessee Wi nter extracts compared to Dicktoo extracts 
at more neutral pH values. 
Effect of KCl and pH Comb inations on RNase Assay .  The eff ect of KCl 
on the RNase assay of 1 44, 000 x g supernatant f raction at pH 5. 0 and 
2 1  
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Fig. 3. The influence of assay pH on RNase activity i n  the 144, 000 
x g supernatant fraction of Tennessee Winter an d Dicktoo barley. 
O -- --o, Dicktoo; -- o, Tennessee Winter. Assay as described in 
Materials an d Methods. ·· 
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7.0 is s hown in Table I .  F or both Dicktoo and Tenn es s ee Win ter 
cultiv ars, the g reates t activity is at pH 5 . 0  reg ardles s of KCl con­
centrations , s imilar to data of Fig. 3 .  The addition of KCl in the 
pH 7.0 as s ay res ulted in increas ed RNas e activity for both the 
Tennes s ee Win ter and Dicktoo preparations . The iricr eas ed activity at 
pH 7 . 0 ,  upon ad d ition of KCl, was cons is tent in n umerous experiments. 
However , expl anation of the d ata was not purs ued experimentally due to 
the complexiti es which could aris e from examining fur ther a crude 
fraction. 
Effect of Phosphate I on .  An attempt was made to specif ically inhibit 
the effect of phosp hatas e pres ent in cell extracts by p hosphate addi­
tion. It was of interes t to firs t d etermine the effect of p hosphate 
levels on RNas e activity in extr acts from the two cuJ tivars . Us ing the 
144, 000 x g s upern atant fraction as an enzyme s ource, the effects of 
various con centrations of phosphate on RNas e activity wer e  inves tigated. 
Fig ure 4 reveals that at l evels. qf  25 and 50 nM phosph,a te, a s harp loss 
in activity of RNas e in Dicktoo extracts occurred, w hile Tennes s ee Win-
ter extracts tended to increas e in activity. At 75  to 100 m..M phosphate , 
RNas e  activity of the Tennes s ee Winter preparation d ropped s li g htly 
compared to the 50 mM l evel, but at all concentrations activity was 
greater than when phosphate was omitted . Lazarus (24) has reported 
pos itive stimulation of exoribonucleas e at concentrations to 40 mM 
phos.pha te .. 
Table I . The i nfl ue nce of KCl on RNase activity of the 144 , 0 0 0  ·x g 
supernatant f r action
1 
of two barl ey cul tivar s when assayed at pH 7 . 0 
and 5.0 . 
Dicktoo Tennessee Winter 
') ·2 pH KCl ( M) Act ivi ty-3 ptt2 KCl ( M) Act iv ity '"' 
5 . 0 0 . 1 6 1 61 5 . 0  0 . 16 179 
5 . 0  0 . 26 140 5 . 0  0 . 26 1 8 3  
7 . 0  0 . 1 6 81 7 . 0  0 . 1 6 9 8  
7 . 0  0 . 26 9 3  7 . 0  0 .  2 6 '  103 
1 See Fig. 1 f or fractionation pr ocedur e. 
2 The assay was b uf f er ed by use of 0 . 05 M cacody l ate adjusted to pH 
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5 . 0  with glacial acetic acid. Al ter natively, the assay was buff ered 
by 0.025 M Tr is and 0.025 M cacodylate adjusted to pH 7.0 with 
glacial ac etic a cid. 
3 A un it  of RNase activity was defined as the incr ea se in absor ban ce 
at 260 n m  of the acid soluble f r action of a 60-min ute RNas e digest 
d il uted 1 : 40 and r ea1 in a 1 cm cel l. Thus: Activity = 0 . 01 A/hr/mg 
protein. 
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Fig. 4. The effect of vari ous levels of phos phate on RNas e 
activity in the 14 4,000 x g s uperna tant fraction from Dicktoo a nd 
Tennes s ee Winter when as s ayed at pH 5.0. •-- , Tennes s ee Winter 
RNas e activity; 0-- -- 0, Dicktoo RNas e activity. 
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The inh ibitory eff ect of ph osphate on Dicktoo RNas e activity 
sugges ted the pos s ibility of s ome relations hip of endogenous phos phataB e 
to RNA des truction in this cul tivar. (The levels of phosphomonoes teras e 
and phosphodies ter as e actiy�ty were measured throughout the various 
stages of purification . Acid phos phatas e was predominant and rep­
res ented a maj or obs tacle in RNas e purification . )  
Effects of 3 '- and 5'-Monophospho-p-Nitrophenyl Thymidine.  The 
pres ence of phosphodies teras e in tis s ue extracts and its dis tinction 
from cyclizing RNas e is determined by the enzymatic products (3 ' or 51 
n ucleotid es )  and the s ubs trate acted upon . Syn thetic 3 ' - and 5' -
monophos pho-p-n itropheny l  thy midine are oft en us ed as s ubs trates for 
identify ing this diesteras e activity (28 ) .  Ac tivity of this enzy me was 
ass ay ed us in g  144 , 000 x g s upernatant fraction f rom Dicktoo and Tennes s ee 
Win ter barley , at vary ing pH , with 5'-mon ophospho-p-n itropheny l  thymidine 
as subs trate (Fig. 5) . The enzy me preparations from Dickt oo had a con ­
s tant level of phosphodies teras e activity from pH 5.0 to 6.5, with on ly 
a 1 9% los s of activity at pH 9.0. The enzyme preparations from Ten­
nes s ee Win ter had greates t activity at pH 5.0 , with a s harp los s there-
after up to a pH of 7.0, when activity proceeded t o  in creas e, � nd at pH 
9.0 activity had obtained a l evel near that of pH 5.0. At pH 5.0 , 
hydrolys is of this s ubs trate by Dicktoo extracts was 20% greater than 
that for Tenn es s ee Winter. 
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F ig. 5 .  Assay of phosphodiesterase activity of 144 ,000 x g super­
natant protein fr om Tennessee Winter and Dicktoo barley at various  pH 
levels assay ed with 5 ' -monophospho-p- nitrophenyl thymidine as sub­
s trate. Assay condit ions same as that fo_r phosphatase assay except for 
substrate. o -- · ,  Tennessee Winter ; 0 7 -- -o ,. Dicktoo. 
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The chem ical subst ance 3'-monophospho-p -nitropheny l t hy mid ine was 
also used as substr ate for the Dicktoo and Tenne ssee Winter 1 44 , 000 
x g supernatant enzyme ( Fig. 6) . Tennes see Winter prep arations had a 
low lev el of phosph odiesterase activity with this substrate at p H  5.0 
to 6 . 5 , with complete loss of activity at higher pH. D icktoo had 
relatively high activ ity at pH 5.0 to 6. 5 ,  with sharp loss thereafter. 
The comparative phosphod iesterase activ ity of extracts from b oth culti-
v ars, suggests a higher level of hydrolyzing phosphod iesterase in the 
Dicktoo preparations. Ad d itionally , specificity for the 3 ' -phosphod i­
ester bo nd was lower for· both cultiv ar preparations. The d ata res ult ing 
from the 5'-thymid ine substrate suggest the presence of both acid and 
alkaline diesterase in Dicktoo and Tennessee Winter, while activ ity is 
limited to an acid pH when using the 3 ' -thymidi ne s ub strate. 
Properties of RNase in Sephad ex G-25 Prepared Protein 
RNase w as isolated from other components of the 144, 000 x g 
supernatant fraction by column chromatography on Sephadex G-25 , as shown 
in Fig. 7. The init ial' protein peak eluted contained RNase and was 
used as a source of the cy clizing enzyme. 
Storage of RNase. Storage at -20 C of 144, 000 x g supernatant and 
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Fig. 6. As s ay of phos phod ies ter as e activity of the 144, 00 0  x g s uper­
natant protein from Tenpes s ee Winter and Dicktoo bar ley as s ayed a t  
var ious pH levels with 3'-monophospho-p-n itropheny l  thy midine. Ass ay 
cond itions were the s ame as  in the as s ay for phosphatas e exce�t for 
s ubs trate. Tennes s ee Winter; o ----o, Dicktoo. 
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F ig . 7. The elution profile of protein and RNas e  enzyme of Tennes s ee Winter barley from a 
Sephad ex G-25 c olumn (0. 9 x 57 c m) . The c olumn was layered with 5.0 ml of Tenness ee Winter 
144 ,000 x g s upernatant c ontaini ng 6.5 mg prot ein. Elution with 0.05 M Tris -HCl b uf f er, pH 
7.5. --- , 280 nm; •----e, RNas e  ac tivity d etermined by the release of ac i d  s ol uble  
nucle otid es , measured at 260 nm , from ye as t  RNA .  Ac tivity was meas ured on a 1 ml aliquot 




in no loss of activi ty . for per iods up to one year (Table II) . Wi lson 
has r epor ted si mil ar stabi lity of cor n RNase ( 41) . 
Hea t  Stabi l ity of RNa se. The heat stability of an enzyme is an im­
por tant proper ty, si nce i t  par ti ally deter mi nes the temper atur e at 
which pur ifi cation i s  conducted. Sephadex G-25 pr epar ed pr otein was 
used as an RNase sour ce i n  an assay involving var i ous heat tr eatments.  
Table I l l a shows RNase activi ty of the Tennessee Winter protein fr action 
incr easi ng after 10 mi nutes at 60  C .  Heati ng at 6 0  C for 30 , 6 0 ,  and 
90 mi nutes r esulted in 8 ,  12, and 32% decr eases i n  activity, r espective-
ly, fr om that i n  the 10 minute tr eatment. The data i n  Table I IIb show 
the level of RNase acti vi ty dropping by 11, 28 , and 38%, for 10  minute 
i ncubations at 7 0  C ,  8 0  C, and 90 C ,  r especti vely, when compar ed with 
the activity of the pr otein after incubation for . IO  minutes at 6 0  C. 
The data suggest that the RNase at thi s stage of pur i ficati on had a 
hi gh degree of heat stability at 6 0  C inc ubation for per iods up to 6 0  
mi nutes or for 10 minutes at 70  and 8 0  C. 
The i ncr ease in acti vity at 6 0  C for a 10 minute i ncubati on at 6 0  C 
(Table II I) was unexpl ained; however , the inacti vation of an inhibitor may 
be a possibility. A heat-labile RNase i nhibi tor has been identified and 
descr ibed for extr acts of human skeletal muscle (16), whil e a heat ac ti -
vated RNase inhibitor has been descr ibed for r at r eticulocytes (17 ) .  
Heat stability data of RNase from the Dicktoo G-25 pr otein fr action 
ar e r ecorded in Table IV. Table I V  shows that RNase activity incr eased 
Table ·II. The influence of age on RNase act ivity in the 1 44 , 000 x g 
s upernatant and G-25 fract i ons from Dicktoo barley st ored at -20 C 
Enzyme 
s ourc e 144 , 000 xg supern at ant 1 G-25 Protein 
Time at 
-20 C (mo. ) 0 6 1 2  0 6 12 
Act ivity
2 
22 5 226 228 2 3 4  229 224 
31  
1 Fr om one 1 2  g tis s ue ex traction, one-half of . the 1 44 , 000 x g s upe r­
nat ant was chr omatographed on Sephad ex G-25 and protein containing 
fractions were pool ed . · Each enzyme preparations was divided int o 5.0 
ml fractions and s tored at -20 C. Before as s ay, s amples were thawed 
and centrifuged at 12,000 x g for 10 min ut es .  
2 As s ay of 1 4 4 , 000 x g supernatant and G-25 protein were as s ayed at 
pH 5. 0 and 7 . 0,  respectively . Activity defined as in Table I. 
I 
Table I II .  The influenc e of ·inc ubation time and temperature on the 
RNase activity of protein from Tennessee Winter barley d esalted by 
Sephadex G-25 c hromatography 










0 . 84 
8 8 6  
Inc ubation f or 
1 0  30 6 0  
0. 7 1  . 0 . 70 0 . 70 
1 , 043 9 62 915  
10 m inutes at varying temperatures. 
9 0  
0 . 69 
7 1 3 
32 
Temper ature 0 C 60 C 70 C 80 C 9 0  C 
Protein 
(mg/ml) 0 . 84 0 . 71 0 . 69 0 . 69 0 . 6 8 
'R Nase 
3 
ac tivity 886 1 , 04 3  9 35 750 655 
. l· Inc ubation of assay mixture. 
2 Pr otein measured by Lowry procedure as described in Materials and 
Methods. 
3 
RNase ac tivity was measured by using 1 . 0 ml prot ein f rom . the G-25 
f raction source and was assayed as descri bed in methods except for 
inc ubation time and temperature. Activity def ined as in Table 1. 
Table IV . The infl uen� e  of i ncubation time and temperature o n  t he 
RNas e activi ty of pro tein from Dicktoo barl ey desal ted by Sephadex 
G-25 chromato graphy 
Table a .  Incubat ion at 6 0  C f or varying lengt hs of 
1 
time. 
Time ( mi n . ) 0 10  30 60 9 0  
Prot ein 
2 
( mg/ml ) 0.7 3 0 . 61 0 . 59 0 . 58 0 . 58 
RNas e 3 
activit y 7 7 0  920 . .  9 1 8  924 6 49 
Table b .  Inc ub at i on for 1 0  min ut es 
1 
at var yin g t emperat ures. 
Temperature 0 C 60 C 7 0  C 8 0  C 90 C 
Prot ei n 
(mg/ml) 0 . 73 0. 61 0 . 58 0 . 57 0 . 57 
RNase 
acti vity 770 920 937 575 510 
1 I ncubation of ass ay mixture. 
2 Pr otein measured by I:owry procedure as described in Mater ials and 
3 
Methods. 
RNase activit y was measured by using 1.0 ml protet n from the G-25 
fr action source and was assay ed as described in methods except for 
incubati on time and temperature. 
3 3  
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when heated 10 minutes . at 60 C,  s imil ar to RNas e f rom Tennes s ee Winter . 
Heating at 60 C f or 30, 60 , and 90 minutes reduced RNas e activity of  
Dicktoo extracts in a man ner s imilar to t he reduction of RNas e  ac tivity 
in the Tennes s ee Winter preparations . Incubation for 10 minutes at 70 
C increas ed RNas e activ ity 10% abov e the 60 C 10-minute treatment . 
Incubation at 80 and 90 C decreas ed activ ity in a manner s imilar to th e 
decreas e sh own for Tenness ee Winter s ampl es . 
Eff ect of pH on RNas e Assay of G-25 Fractions . The activity of RNas e in 
the S ephadex G-25 is olated pr oteins was meas ured at v arying pH (F ig . 8 ) .  
RNas e o f  both Dicktoo and Tenness ee Winter proteins exhibited activity 
over a pH range of 6. 5 to 8. 5 ,  wi th g reat es t activ ity at pH 7 . 0 . Ten-
nes s ee Winter had greater RNas e activity than Dicktoo , which is con-
s is tent with data s hown in Fig. 3. This high activ ity at pH 7.0 
contras ts with the " optimum" of pH 5.0 at the 1 44,000 x g s tage of 
purification. The fact that RNas e of the 144,000 x g s upernatant 
fraction is cleared of mos t other non-protein components of the cell 
extract by Sephadex G-25 chromatography, s ugges ts that 1) chang es in 
the oxidation-reductio n  s tate of the RNas e, 2) removal of inhibitor ( s ) 
from the RNas e, 3) remov al of endogenous s ubs trate from the RNa s e  and, 
4) reduction of ionic s trength of the s ol ution could all contribute to 
the s hift from pH 5.0 ( Fig. 3) to pH 7.0 (Fig. 8 ) . 
Effect of KCl and pH Combinations on RNas e As s ay. The effect of KCl 
on the as s ay of RNase activity at bo th pH 7 . 0 and 5.0 was als o 
500 
400 -
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F ig. 8 .  The infl uence of as s ay pH (without KCl ) on RNas e activity 
in the Sephadex G-25 p� otein fraction of Tennes s ee Winter and Dick too 
barl ey. e -- c, Tennes s ee Winter; o---o, Dicktoo. As s ay is des cribed in 
Meth ods and Material s .  
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i nv es tigated. The 144 , 000 x g supernatant preparations from Dicktoo 
and Tenness ee Winter cultiv ars , from which data f or Table I was de-
rived, were chr�matographed on Sephadex G-25 columns ( Table V) . The 
G-25 protein fraction containi ng RNas e activ ity was us ed as the enzyme 
s ource. The pH optimum for both Dicktoo and Tennes s ee Winter RNas e 
was pH 7.0 while addition of KCl at th e ass ay pH of 7 . 0  reduced the 
RNas e  activ ity of the protei n fractions of both c ultivars ,  with R Nas e 
activity of Dicktoo bei ng reduced more than Ten ness ee Winter. Additi on 
of KCl i n  the pH 5. 0 as s ay incre as ed the RNas e a ctiv ity of bo th Dick too 
and Tenness ee Winter protein. 
Also s hown in Tabl e V is a compari s on of the activ ity of the 
Sephadex G-25 protein of the two cultivars , af ter heat treatment at 60 C 
f or 10 mi nut es . The heat trea ted protein was centrifuge d, with th e  s uper­
natant us ed as the RNas e enzyme s ource. The heat treatment of the 
S ephadex G-25 protein r es ul ted in little change of RNas e activ ity for 
b oth cultivars _, compared to that of unheated G-25 protein ass ay ed at 
pH 7 . 0  and varying KCl concentration. However, addition of KCl to 
the pH 5 . 0 as say res ulted in a reduced activity for RNas e of Dicktoo 
protein and no cha n ge f or Tennes s ee W i nter RNas e. This is in contras t 
to the increas e in RNas e activity noted when KCl was added to the pH 5 . 0  
ass ay of Sephadex G-25 is ol ated protei n. This may s ugges t the pres ence 
of a heat labil e RNas e  ip hibi tor. 
Tabl e V. The influence of KCl on RNas e  act ivit y of prot ein from two 
cul t ivars obtained by Sephade x G-25 fract ionat ion and as s ay ed at pH 
7 . 0 a nd 5 .0 
Dicktoo Ten ness ee W int er 
G-25 Protein Fr act ion 1 
pH KCl ( M )  2 ( M )  Activity pH KCl Act ivity 
5 . 0  o . oo 260 5. 0 o . oo 369 
s . o  0 . 1 6  2 8 8  5.0 0 . 16 478 
7 . 0 0 .00 422 7 .  0 0. 00 5 3 3  
7. 0 0 . 16 2 50 7 . 0  0 . 16 362 
6 0  C Treatment of 
G-2 5 Prot ein Fract ion 1 
37 
2 
pH KCl ( M )  Activ ity
2 
pH KCl ( M ) A . · t  
2 
ct 1v1. y 
5 . 0  
5 . 0  
7 . 0  
7 . 0  
1 
0 . 00 3 70 5 . 0  0 . 00 419 
0 . 16 343 5 . 0 0 . 16 4 19 
0 . 00 758 7 . 0  o . oo 9 9 3  
0 . 1 6 448 7 . 0  0 . 1 6 556  
See Fi g. 1 for fract ionat i on pr ocedure. The Sephade x G-25 protein 
fr·act ion was incubat ed at 60 C for 1 0  minutes, chilled t o  O C a nd 
cent r ifuged t o  r emove pr ecipitate. The super nat ant was us ed as an 
RNas e s ource. 
Act ivit y as  defined in Table 1 .  
The fol lowing sum�ary c an be ma de. (1 ) Th e RNas e  of the 144 , 000 
x g s upernatant f raction of both cultivar s has greates t activity at 
pH 5 .0 .  RNas e act ivity is increas ed more for Dicktoo than Tennes s ee 
38 
Winter preparations in ass ay s  with KCl at pH 7. 0 (Table I) . (2) RNas e 
in the Sephadex G-25 protein f rom both cultivars has greates t act ivity 
at pH 7 . 0. The addition of KCl in the pH 7 . 0  ass ay decreas ed RNas e 
activity in the protein obtained from both cultivars. Addition of K Cl 
in ass ays  at pH 5.0 increas ed activity in protein preparations f rom 
both cultivars , but th e increas e for Tennes s ee Winter s amples was 
s ignif icantly h igher than thos e of Dicktoo (Table V)� ( 3) Following h eat 
treatment of  the Sephadex G-25 is olated protein· addition of  KCl f ailed 
t o  increas e RNa s e  activity in as s ay at pH 5.0 f or both cultivars. 
RNas e Ac tivity vs Time Plots. Pr oper interpretation of the f oregoing 
KCl-pH data depends upon a knowledge of the lin earity of RNas e activity 
with t ime for the two cultivars as s ay ed at pH 7 .0 and 5.0 . ' Linearity of 
activity with time was determined us ing 1 44 , 000 x g s upernatant prepa­
rations and the Sephadex G�25 is olated protein f ractions of both 
cultivars , which had been s tored at -20 C f or 3 months . F igure 9 
(144, 000 x g s uperna� ant fraction) sh ows linearity of RNase acti vity 
up to 60 minutes for both cultivars a s s ayed at pH 5.0 and 37 C. At pH 
7.0 s ligh t los s of linearity i s  obs erved after 40 minutes incubatio n of 
extracts from both cultiv ars . Figure 10 sh ows linearity with time of 
RNas e activity in the Sepha dex G-25 is olated pr0 tein of both cultivar s 
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Fig. 9. Relation ship of RNase activity of the 144, 000 x g super­
natant fraction f rom ext racts of Dick too and Tennessee Winter barley to 
time of assay when compared at pH 7.0 and 5 . 0. Enzyme sou rce had been 
. stor ed at -20 C f or two months p rior to use. , Tennessee Wint er pH 
7 .  0 assay; o -- o, Tennessee Winter pH 5. 0 assay ; -- - - , Dicktoo pH 
7.0 assay ; o - ---o, Di cktoo pH 5.0 assay. 
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Fig. 10 . Relationship of RNase activity of the G-25 protein fraction 
from extracts of Dicktoo and Tennessee Winter to time of assay when com­
pared at pH 7 . 0  and 5.0 . Samples had been s tored at -20 C for th ree 
weeks pri or to use. Dicktoo p H  7.0 ass ay ; o -- --o, Dicktoo pH 
5. O assay; Tennessee Winter pH 7. 0 as say; o -- o, Tenness ee pH 
5.0 assay. 
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at both pH 7 . 0 and 5 . 0 . for up to 40 minutes of incubat ion (37 C), with 
slight loss of linearity observed thereafter. Thus the possib � l ity of 
misinterpr etation, on the basis of nonlinearit y of RNase activity v s. 
time, did not appear significant in the interpretation of dif ferences in 
act ivity that might have been t raced to enzyme inst abilit y of these pH 
values. 
As the 144,000 x g super natant and Sephadex G-25 isol ated protein 
fractions ar e crude preparations which exhibit RNase act ivity, the in­
terpretat ion of the pH-KCl ef fect on RNase activity can be only 
speculative. Variou s f actors which could confound the results are:  the 
presence of an RNase inh ibit or, t he alt eration of active sites on the 
enzyme, and the prot ect ion of RNA from RNase action b y  b ase ass ociat ion, 
all which could b e  influenced by the presence or absence of salt and 
pH. 
RNase Digest Analysis. Initial att empts t o  differentiate Dick too and 
Tennessee Wint er RNase specif icity were made b y  analysis of the acid­
solub l e  products of yeast RNA (Crestfield) digested with Sephadex G-25 
isolated prot ein. Chromat ography of these products on a S ephadex DEAE 
A-25 c olumn revealed . several diff erences (Fig . 11) when elut ed with 400 ml 
of a Oto 0 . 3 M KCl g radient cont aining 7.0 M u rea. Addition al elut i on 
was mad e  wit h O .  3 M  and O. 5 M KCl. First, the ov erall amount of digest prod-
uct s (fractions O t o 120) is g reat er for prot ein preparat ions f rom Tennes see 
Wi nt er than fr om Dicktoo. This is reasonabl e, � ince Tennes see Winter 
1 . 0 
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Fig .  11. The el ution pr ofile from a Sephadex DEAE A- 25 col umn of the acid s ol uble  products of yeast 
RNA ( Cres tfiel d)  diges te d . wi.t h  Sephadex G- 25 pr ote in from Dic ktoo and Te nnes s ee Winte r b arl ey. Re ac tion 
mix tur e was as desc rib ed in Materials and Methods for RNase as s ay .  The acid s ol uble pr oducts  we re 
neutral ized wit h  KOH ,  made up to 7 M with ur ea and 5 . 0 ml l ayer e d  on a 2. 4 x 6 0  mm col umn and el ute d  
with equil ibration· buffer c ontaini ng 7. 0 M ure a  in a Oto 0.3 M KCl l i near grad ient (tot al v olume of 
400 ml ). --- , 254 nm abs orption of Te nnessee  Winter barl ey R Nase diges t; -- - - -- ,  25 4 nm abs orption 
of Dicktoo barl ey R Nase diges t. Frac tions c ontaine d 5. 0 ml each . 14 l'0 
4 3  
preparations had h i gher tot al RNase activity than Dicktoo (Fig. 2 and 
8). Tennessee Winter RNase d igests yielded two peaks in the region of 
fr actions 60 to 68, while the Dicktoo d igest has only one peak.  Also, 
the two peaks in the r egion of fractions 80 to 90 are much gre ater 
fr om the Tenn essee Winter sample, with the fir st peak being 
greater than t he second i n  contras t to the r ever se r elat� onshi p for 
Dicktoo d igest. Dicktoo d igest yields a broad pe ak ex tend i ng from 
fractions 112 to 120 ,  while this peak is absent in the Tennessee Winter 
digest. Th e Dicktoo digest has a higher amount of oligonucleotid es in 
fractions 1 44 to 160 than caused by Tennessee Winter enzyme hyd rolysis. 
Fr actions 82 to 1 16 were rechromatogr aphed on S ephadex DEAE A-2 5, 
as d one initial ly , wi th ur ea and KCl . Again the Tennessee Win ter d i ge st 
prod ucts were quantitatively dominant (Fig. 12) with a sharp first peak 
in fraction 60 to 68 and a br oad second peak in fr actions 70 to 80 . 
The Dicktoo d igest d isplayed a shar p fir st peak (fr acti ons 6 5  to 69) 
and only a sligh t second peak (fraction 70 to 75), which is the reverse 
of the o riginal chromatogr aph ( Fig. 1 1) .  
Ex plor ator y Chr omatographic _Pr ocedures f or RNase Pur ificati on 
Befor e purification using large quantitie s  of ti ssue was attempt ed, 
various pilot purificat ion procedur es wer e cond ucted to d eter mi ne the 
desirable ch aracter is tics and parameters which could facilitate 
purification. Th ese co mpar isons were mad e utilizing the Seph adex G-25 
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Fig. 12. The elution profile from a S ephadex DEAE A-25 c olumn of the rec hromatographed acid 
s oluble products of yeas t RNA (Cres tfield) diges ted with Sephadex G- 25 protein from Dic ktoo and 
Tennes s ee Winter barley. Reac ti on mixture was as described in Mater ials and Methods s ec tion for 
RNas e as s ay. Po oled frac ti ons 82 to 1 1 6  of F i g. 1 1  were diluted to twic e the i n i ti al volume wi th 
dis tilled water and layered on the Sephadex DEAE A- 25 c olumn . After abs orpti on, elution proc eeded 
as des cribed in Fig .  1 1 . · --- , 254 nm  abs orption of Tennes s ee Winter ; - - ---- ,  254 n m  abs or pti on 
of Dicktoo. Frac tions cont ai n ed 5. 0 ml. 
ib, � 
is olat ed p rotein fr om each cu ltivar as the RNas e s our ce, as s hown by 
th e s chedu le in Fig . 1. 
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Sephade x  G-25 Chromat ography. As previous ly i nd icated column c hromato­
gr aph y frees the RNase fr om mos t othe r components in the 144, 0 0 0  x g 
super natant fraction. This is accomplished by the molecular s ieve 
action of the Sephad ex G-25 (pol ydextran) res ulting in high molecu lar 
weigh t parti cl es be ing el ute d f ir s t  ( Pharmacia Fine Che mi cals , In c. ,  
Pi s cataway , N. J . ) . 
The firs t peak ( frac tions 2 to 6) had a 28 0: 260 r atio of 1.15 ,  
s ugges ting that pr otein was the p redominan t  component (Fig. 7 ) .  F or the 
s econd peak (fr ac tions 12 to 17 ) a r atio of 0 . 71  ind ic ates n uc leic acid 
or bound n uc le otides as major compone nts .  Major ribonucleas e ac tivity 
is limited t o  the f irs t peak with s l ig ht activity in fractions number 
12 to 17 f rom a 0.9 x 55 cm column. Since this f raction coincides with 
. the s trong 260 nm  abs orption, it could repres ent RNas e bound with 
e nd ogenous s ubs trate or a very low molecular wei g ht pr ote i n  i n  combina-
tion with nucle otid es. 
As previous ly s ugg es ted , an in hibitor could be pr es ent wi thin one 
or bot h Dicktoo or Tennes s ee Winter extrac ts. Attempts to iden tify it s 
pres ence by add i ng var ious f ractions of t he Sepha d ex G-2 5 c olumn eluate 
to the ass ay of the RNas e peak f rom the Sephade x  G-25 column s howed n o  
inhib itory e ffect o f  these f ractions upon the RNas e ac ti vi ty. 
46 
Hyd rox ylapati te. Succe ssful separation of RNase a nd other proteins 
hav e been ma de on hydrox ylapatite columns ( 3) . An early attempt at  
protein s epa rations using a hydroxylapatite column resulted in several 
280 nm absorbing peaks from Tennessee Winter extracts, but no signi­
cant differeri tiation of RNase from phosphatas� activity was observed. 
This column procedure caused the greatest loss in RNa se activity of the 
Dicktoo protein samples. Due to the phosphate composi ti on of the 
hydroxylapatite, a nd use of a phosphate buf fer, a n  i nhibitory effect of 
phospha te on the Dicktoo enzyme could easily explain the loss of activ­
ity (Fig. 4) . Part ial a cti vity was restored upon removal of the phos­
phate by Sephadex G-25 chromatography, which lends cred ence to the 
conclusion. Poor separa tion of RNa se from phosphatase and the loss of 
'RNase were rea sons for curtailing eff or ts using this mate rial. 
Cellu lose Phosphat e. I t  was considered feasible tha t phosphatase 
activity would remain with any medium that conta ined phosphate. The 
cellul ose phosphate cation exchanger was used in column chromatography 
of Tennessee Winter G-2� protein, which was eluted with a linear salt 
gradient at pH 5 . 5 :  A sharp pea k of RNase activity was observed ; · 
however, phospha tase ' a ctivi ty emerged from the col umn with RNase 
acti vity. S ome loss of RNase activity was observed, whi ch was a gain 
presumed to be d ue to phosphate i nhibi ti on derived from the cellulose 
phosphate column. No fur ther consi derati on was gi ven to usi ng thi s  
chromatographic material.  
4 7  
CM and DEAE Cellul o se . .  CM (carboxymethyl) cell ulose and DEAE ( diethy l­
aminoethyl) cel l ulose are common ly us ed fo r separation o f  mixt ures of  
pro te i n, in cl uding RNase (38 , 42 ) .  C M  cellulose and DEAE cellulose anion 
exch ange co lumn s, when buffered at pH 7 . 5  and e lute d with a linear salt 
gradie nt _ (0.0 to 0 . 5 M KCl) , produced nearly ide n tical 280 nm absorb-
ing pro files .  Yet separ ation o f  phosphatase, pho sphodieste rase, and 
RNase was not enhan ced be yond that achieved using a cellulose phos­
phate column. 
Al umina C� . At tempts to utilize the limited el e ctro static abso rption 
diffe re nces o f  RNase and pho sphomonoe st erase wer e conducted with 
Alumina c1 • Frisch- Niggemeye r (1 4)  has effective l y  use d this medium 
for ph osphatase-RNase se paration in to bacco leaf extracts. Se lective 
ab sorption by v arying ion ic stren gth (with Na2co3 and KCl) and pH re­
sulted in on l y l imited se paration of pho sphatase and ribpnuclease . 
The refore , n o  further use was made of  this media (Alumin a C�) . 
Sephad ex QAE A-50 . An alternative to the ce llulo se mater ials was 
tried. Se phadex QAE A-50 (diethyl-2-hydroxy propylaminoethyl) reported-
ly binds protein m or e  strongly than ce llu lose based mat erial s ( Pharma cia 
Fi n e  Chemical s, I n c . , Piscataway, N. J. ) .  Howev er, chro mato graphy of  
the Se phadex G-25 isolat ed protein on this medium gave little e lut ion 
separ atio n  o f  RNase fro m  oth er esterases. 
Seph adex DR�E A-50. Appro ximat ely 40% of the p ho sphatase activity 
in the Seph ad ex . G-25 isolated protein fr actions could be r emoved by 
48 
ion exch ange chromato graphy on a S epha dex DEAE A-50 ( d iethylaminoethyl) 
column, which was el uted with a l inear salt gr ad ient (O to 0. 5 M KCl) . 
. Figur e . 13 � e_pr es ents Sephadex G-25 isolated pro tein o f  Tenn essee Winter 
chro mato g.:r:- aphed o n  a DEAE A-50 col umn. RNase binds to DEAE A -50 
i n  the absence of KCl, while co nsiderable phospho monoester ase 
i s  no t bound an d can be eluted by the buf fer. A low K Cl concen tr ation, 
at the star t o f  gr ad ien t elution, r el eases add itional pho sphomono­
ester ase fro m  the column as an in itial peak followed by a r elativ ely 
low activity tr ailing in the r emaind er o f  the gr ad ient fr actio n s. 
Phospho diester ase is el uted in a single activity peak which pr ecedes 
that of  RNase, similar to phosphomonoesterase. 
Nonpolar izing Agents. The eff ects of  extr aneo us b inding o f  pro teins 
to one another can o f ten be ov erco me by the use of nonpolar izing agents 
such as Triton X -100 (10, 2 2) , Br ij 35 ( 2 3) , and ethylene gl yco l ( 43 ) .  
The se ag ents in the buffer elutio n system pro duced l ittle chang e i n  
the elution pro f il e  o f  pro teins from a Sephadex DEA E  A-50 column. 
Lar ge- Scale RNase Pur if icatio n 
With the knowledge gained from these pr eliminary techniques, 
p ur ification was in itiated employ ing larger amounts o f  tissue. Not 
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Fig . 1 3. The elution prof i le o f  protein , an d the re l ati ve dis tribution of RNas e and phos pha tas e 
ac tivity of Tennes s ee Win ter extrac ts f r om a Sephad ex DEAE A-50 column (1 . 9  x 23 c m) .  Fi fty ml 
( frac tions 3 to 8 )  of Tennes s ee Winter G-25 protein was ad ded to the c olumn and eluted with 1 00 ml 
of a O to 0 . 4 M KCl linear grad i ent. --- ,  abs orbance at 280 nm ; e---o ,  RNas e acti vi ty was d eter­
mine d by the releas e of ac id s oluble nucleotid es , meas ured at 260 nm fr om Cres tfield RNA and rec or d ed 
as the abs orbance at 260 nm of the soluble nucleotide s d iluted 1 : 40 .  0 ---:.- 0, Phosphatas e act i vily ·· 
meas ure d  by th e r ele as e of phen ol, meas ur ed at 420 nm ,  from S igma 104  s ubs trate. Ac tivi ties wer e 




al J. ext raneous pr otein • and ret ain maximum act ivi ty throug hout pur i­
ficati on,  but the sequ ence of purification t echniques is . of equal 
concern . F ig ure 1 4  g ives t he most su it able schedule for part ial puri­
ficat ion of RNase( s )  from the two barley cultivars. 
Sephad ex G-25 . Centrifug at ion of th e 1 2 , 000 x g super nat ant fraction 
(Fig. 1 4 )  for 1 50 minutes at 105, 00D x g accomplishes two thing s. 1 )  
It isolat es ri bosomes and polyribosomes from the soluble RNase fraction. 
2 )  It removes membranes and other fragmented particl es from t he solubl e 
fraction. Larg e  molecules includ ing proteins of the soluble fraction 
were separat ed by column chrom at og raphy on Sephade x G-25 as in the 
pilot experiments (Fig . 7 ) ,  bu t employing columns of larg e capacity 
(Fig . 14) . The prot ein fract ions from Sephadex G-25 chrom at og raphy 
which contained RNase were pooled and applied t o  column chromatography 
on Sephadex DEA. E A-50. 
Sephadex DEAE A-50 with 0 . 4 M KCl Elut ion. Application of t he ap-
proximate (900 ml) . G-25 protein to the DEAE A-50 colu mn accomplished 
three object ives. 1 )  I t  allowed for t he removal of large amoun ts of 
phosphomonoesterase and phosphodiesterase not initially bound to the 
colu mn mat rix, similar to d ata shown in Fig. 13.  2 )  It concentrated 
the RNas e protei n fr action t o  appr oxi mat ely 25% orig inal  volume . 3) 
It separated RNase from ot her extraneous prot eins, which are el uted 
by O. 5 M to O. 8 M KCl. Disconti nuous KCl elution rat he r than a 
300 g Tissue, Freeze a nd Homogenize 
l F il tration 
F iltrate 
l 12, 0 0 0  x g 
Supernatant 




1 1 05 , 0 00 X g _________ _ 
Precipitate 
Supernatant (discard) 
l Sephadex G-25 Chromatog raphy 
Pr otein 






Readj ust pH to 7 .  q 
Sephadex DEAE A-50 C olumn  C hromatography 
0.4 M KCl elution 
- .RNase Peak 
l 
Desalt 
Bio-Gel P-100  C olumn Chromatography 
RNase Peak #1 
j 
Bio-Gel P-100 
C olumn Chromatography 
0. 2 M KCl elution 
RNase -Pe ak l Sephadex DEAE A ..... 50 
C olumn Chromatog raphy 
0-0 . 3 M KC l linear gradient 




RNase Pe ak #2  
Fig. 14 . Pr ocedur e f or l arge scale purifi cat i on of RNase from 
Dicktoo and Tennessee Wi nter barley. 
11 1 
5 2  
linear gr adien t wa s us�d be caus e :  1) A linear gr adieri t elution fr om 
the 4.3 x 25 cm c olumn r es ulted in a ver y l imited r es olution o f  RNase 
and other pr otein, par ticular ly phos phatas e. 2 )  The dis con tinuous 
elution pr ocedur e r es ulted in concentr ation of the el uted RNas e to 
25% of the or igin al volume, while contin uous el ution us ing the 4.3 
x 25  cm column concentr ated eluted RNas e to only 50% of  the volume 
layer on th e column. 3) Elution by a linear gr adient r equir ed ap­
proximatel y 24 hours to complete the pur ification s tep, while dis ­
con tin uous elution r equired only 6 hours to compl ete the s tep. 
Bio-Gel P-1 0 0. Des alted and lyophilized RNas e of the Sephadex DEAE 
A-50 column (usi n g  a 0.4 M KCl dis continuous elution) was s us pended in 
5. 0 ml glas s dis tilled water an d layer ed on a Bio-Gel P-10 0 column . 
The el ution profile (Fig. 15) s hows one lar ge peak and thr ee s maller 
ones (fr actions 10 to 20 ,  20 to 26,  40  to 46 ,  and 48  to 56) by 28 0 nm 
abs or ption. F r actions 10 to 20 and 48 to 56 have RNas e activity. The 
f ir s t RNas e peak (peak I, s ee Fig. 15) contains cons ider ably higher 
activity than RNa$ e pea� II f r actions 48 t o  56 ) .  Peak I is c ontami­
nated with a r elatively lar ge amount of phos phatas e and · has 
pho s phodies ter as e pres ent. The s econd RNas e peak ( Peak II) has 
r elatively li ttle· con taminating phos phatas e, and n o  phos phodies ter as e 
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• Fig . 1 5. The elution profile of Tennes see Wint er barley protein and RNas·e fr om a Bio-Gel P-1 00 
column ( 2. 4  x 60 cm) elut ed wit h equilibr ating buffer ( 0 . 0 5 M Tr is -HCl ,  pH 7 . 5) ,  The 3 50 mg of 
pr otein which was us ed, was obt�ined by elution of a Sephadex DEAE A-50 column with 0 . 4 M KCl. 
--- ;  28 0 nm abs orption ; e ----0 ,  RNase  act iv i ty as deter mined by the releas e of aci d  so lub le 
nucl eot ides , meas ured at 260 nm, fr om Cre s tfield RNA and recorded as the abs orbance at 260 nm of 
the soluble nucle oti des dilut ed 1: 40 . As say conta i ned 0 . 3 ml of p rote in from eac h of t he 5 ml 
fractions and was conducted at pH 7 . 0  for both peaks of activi ty .  Col umn flow rate was 11 ml/hr 
and the void vo lume was 55 ml, 
Ul w 
5 4  
S ev e�al  explana tions for two peaks of RNase activi ty may be off ered. 
The fi rst peak i s  eluted at near voi d volume of the Bi o-Gel P-1 00 gel 
column. S i nce Bi o- Gel �P-100 ha s a molecular wei ght exclusi on li mi t  of 
1 00, 000 , peak I could be i ndicative of the molecular si ze of phos phomono­
estera se and RNase, or . tha t  they were bound to other hi gh molecula r wei ght 
protei ns. P�ak I I  coul d represent the ' ' tru�' chromatographi c character­
i stics of thi s RNase, si nce i t  i s  relatively f ree of phosphatase and 
phosphodiesterase. Alternativ ely, the two RNase s could have dif f erent 
physi cal properti es and perhaps di sti nct functi onal roles. 
Ohly the Bi o- Gel P-10 0 data for Tennessee Wi nter has been presented 
(Fig. 15 ) ;  however , si mi lar di stri buti ons of each major 280 nm protein 
peak have been obtai ned f or Dicktoo extracts, dif f eri ng onl"y i n  t he 
amount of total RNase acti vi ty recovered i n  thi s puri f i cati on step. Re­
covery of R Na se f rom Dicktoo preparati ons were consi stently lower tha n  
· that f rom Tennessee Winter throughout all puri f i cati on steps. Thi s was 
attri buted to a lower RNase level i n  thi s  cultivar. Usi ng Bi o-Gel columns 
of the same di mensi ons, the eluti on prof ile of RNase wi th separa ti on of 
RNase peak I a nd II were identi cal for Di cktoo and Tennessee Wi nter. 
RNa se peak I I  was not puri fi ed beyond the f irst .Bi o-Gel P-100 step, becaus e  
of the li mited amounts recovered from the ti ssue. In contrast, because 
of the larger amounts present, RNase peak I was subj ected to f urther 
puri f i cati on by rechromatography through three column steps endi ng wi th 
Bi o-Gel P-6 0 ( Fig : 14 ) .  
55  
Bio-Ge l P-100 Containing O. 2 M KCl . RNase peak I (Fig . 15 ) was 
ly ophilize d ,  resuspended in distil l ed water and l ayered on a P-100 
col umn (2.4 x 60 cm) equilibrated with 0.2 M KCl in the buffer (0.05 
M Tris-HCl, pH 7.5) . Elut ion with the KCl-equil ibrated buffer yiel ded 
a profile (F ig. 16) simil ar to the profile fr om the P-1 00 chromato­
g raphy without KCl. 
Only  traces o f  RNase act ivity were observed in the profile reg i on 
of f ractions 36 to 54 (these fractions c ontained R Nase activ ity, peak 
II ,' _  in the first P-100 separation in which the el utant contain ed no 
KCl ) . All RNase activity was el uted i n  fractions 10 to 25. The resul t s  
of further purificati on v ia the 0. 2 M KCl -Bio-Gel P-1 00 step , as ju dged 
by 2 8 0  nm absorption of fractions 36-54 , s uggests that the 0. 2 M KCl 
effected a release of protein aggregation ( Tables VI and VII ) .  Phos-
phatase activity of pool ed fractions 10 to 22 was ,  however, compar abl e 
to that present in RNase peak I of the first B io-Gel P- 100 chromato­
graphic step. 
Sephadex DEAE A-50 with Linear KCl Gradient El ution. The d esalted RNase  
prepc:tration from· the Bio-Gel P-1 00 - 0 . 2  M KCl chromatography ( fra ctions 
10 to 22) , was layer.ed on a ( 1 . 9 x 23 cm) colu mn of Sephadex DEAE A -50 . 
The column was rinsed with equ il ibration b uffer (0 . 05 11 Tr i s, pH 7.5 ) 
until al l 280 nm absorbing material was removed and d iscard ed. The 
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Fig . 16 . The elut ion profile  of Peak I protein (Fig . 1 5 ) r echromatographed on a . Bio-Gel  
P-100 column ( 2 . 4  x 60 cm ) eluted with equi l i brat ing buffer ( 0 . _2 M KCl in 0 . 05 M Tr is -KCl pH 
7 . 5 ) . The 90 mg protein layered on the c<?lumn r esulted fr om Bio-Ge l P-1 00 chromatography , 
_fract ions 1 0  to 24 . --- , · ·2-80 - mi1 absorption ; f) ----e;  RNase activity · as described in_ F ig . 1 5 . 
Column flow rate was 1 1  ml/hr and the vo id volume was 5 5  ml . Each frac t ion· contained 5 .  2 ml . 
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Fr a c t i o n s 
Fig . 1 7 . The e lut ion prof i le 
of a DEAE A-50 column ( 1 . 9 x
 2 3  cm ) layered with RNase fr
om a Bio­
Gel P-100 column (us ing 0 . 2  M
 KCl in buffer , Fig . 16 ) and 
e luted with a O to 0 , 4 M KCl
 l inear 
gradient . Approximately 6 3  m
g prote in from fractions 10  t
o 24  of the previous ( Fi g . 1 5
)  Bio-Gel 
P-1 0 0  col umn chr omat ogr aph was lay
er ed on t he DEA E  A-50 column . ---
, 2 8 0  nm abs orpt ion ; 
· ,  RNas e  act ivit y  as described in F
ig .  15 . 
(J1 
-...) 
The 280 nm absorpt ion prof ile of this step indicates th e possi­
bility that three or more proteins are present (f ractions 38 to 46 
58 
47  to 5 2, _5 3  to 62, an d 76 to 86) .  Assay of RNase activity produced 
a symmetric peak coinciding with fractions 38 to 52 .  Phosphata se 
activity was present and was nearly superimposed with this RNase 
activity d istribution. RNase activity fractions 38  to 5 4  were pooled, 
d esalted and lyophilized for use in Bio-Gel P-60 chromatography. 
Bio-Gel P-60. The d esalted and lyophilized RNase from the Sephadex DEAE 
A- 50 column (using a Oto 0 . 4 M KCl linear gradient) was suspend ed in 
1. 5 ml d istilled water and layered on a Bio-Gel P-60 column ( 2. 4 x 3 5  
cm) . Figure 18 shows two major peaks absorbing at 280 nm . RNase 
acti vity was mostly limited to the f irst peak which included f racti ons 
6 to 12. A trace of RNase activity appeared in fractions 22 to 24. As 
previously observed and noted , phosphatase and RNase were not separated 
on the basis of molecular weight by the Bio-Gel F-60 separating step. 
Slight phosphatase activity was also found in f ractions 20 to 26. 
Trace amounts of phosphpdiesterase activity were found in fractions 6 
to 1 0. The pooled f ractions 6 to 10 of Bio-Gel P-60 were used for the 
RNase characterization shown in Tables VIII and IX. 
Yield of Purif ied RNase. The summarization of the recovery of puri-
fied RNase f rom Dicktoo and Tennessee Winter preparations, at each 
of the various experimental steps, is provided in Tables V I  and VII . 
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Fi g .  1 8 . The elut i on pro f i l e  o f  a Dl o-Ge l P- GO co l umn ( l. 8  x 30  cm ) l n ye 1· c d  w il h  p l ·o t P l n  
pur i fied  by pas sage through two co l umns o f  Bio-Ge ] P- 1 00 f o l l owe d hy Df,J\ E  J\ - !'1 0 . Appro ;d m:i t n l y  
2 7  mg pro t e in from frac t i ons 3B to  5 4  o f  t l1 e  DEA E  A-50  s e pal' a t i on ( F i g .  1 7 )  w;is J n y c r c d  o n  
P- 60 . ---, 2 80 n m  absor b t i on ; 0 - - - -0, HNa s e  ac t :i v j ty ns  d e s c 1 · i bed  j n  F j g ,  1 !:"> .  Co l u 1 nn  [ J ow 
rate  was 1 7  ml /hr ancl vo id volume was 3 5  m l . En c h  -
f
r n c t i on co 11 t n i n 0 d  3 . 0  m l . 
�) 
S pecific attention is directed to results showing a d ecrease in 
tota� pr otein and an inc rease in specific activity of RNase as 
purification progressed. RNase activity, at all stages of puri-
fication, is higher for Tennessee Winter (Table VI) than Dicktoo 
(Table VII) . The use of Sephadex D EA E  A-50, bo-�h in l in ear and d is -
continuous elutions, removed signif icantly more protein from the 
sample layered on the column than any other step. Unpublished re-
sults showed, in particular, significant reductions in pho sphatase 
60 
activity by these procedural steps. This resulted in sharp increas es 
of specific activity. 
The use of P-100 and P-60 did not result in an appreciable sep-
aration of R Nase from phosphatase, but considerable protein was re­
moved, resulting in a more purified RNase preparation . RNase peak 
I was purified from the 144 , 000 x g supernatant 47-fold for Dicktoo 
· and 55-fold for Tennessee Wi nter. 
The recently developed tec hniques of affinity chromatography and 
electrophoresis of large quantities of protein ( 20 mg ) offer alter­
n atives for pur ification. Jervis (20) has reported purification of 
RNase by affin ity chromatography, while Dean (7 ) reports separation of 
phosphatases by this technique. Pr esently the Dicktoo and Tenness ee 
Winter purified preparations are being analyzed by g el elec trophoresis. 
I ,  
Table. v1 ·. · Recovery of RNas e fro m Tennessee  Winter barley at each s t ep in the pur i ficatio n 
s c hedule 
Pr ocedure  
144  J ooo x g _  
Sephadex G-25  
pH  5 .0 and 
adjust  t o  7. 0 
DEAE A-50 
Bi o-Gel P-1 00 
peak I 
2 
Bio-Gel P- 100  
( 0.2 M KCl )  
DEAE A-5 0  
Bi o-Gel P-60 
-· 
Vol. C oncen-
( ml) trati on 
( uni ts/ml )  
8 20 896  
877 816 
8 7 5  78 2 
250  2 , 120  
100 3 , 040 
70  2 , 296 
14 2 840 
30 3 , 200 
1 Puri f ication schedule is as des cribed in Fig.  
pur ified . 
Total Pr ote in Specif ic  
Units  (mg/ml) Act ivity 
(uni ts/mg )  
734, 7 20 2.61 3 4 3  
7 1 5 , 632 1 . 5 3 5 3 3  
684, 000  1.41 555 
5 30 , 0 0 0  1 . 38 1 , 5 38 
304, 0 0 0  0 .9 0  3 , 36 0  
1 60 , 7 20 0 .89 2 , 580 
119 , 28 0 0 . 19  4 , 4 20 
96 , 000 0 . 1 7 18 , 800 
14. Peak I I  of B io-Gel P-100 was no� furt her 
2 




9 7  





1 3  
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Table VI I .  Recover y  of RNase fr om Dicktoo bar ley a t  each s tep in the pur ificatio n schedule 
1 
Pr ocedur e 
105, 000 g 
Sephadex G-25 
pH 5 . 0 and 





Bi o-Gel P-100 
( 0 . 2  M KCl )  
DEAE A-50 
Bi o-Gel P-60 











tra ti on 





2 , 720 
2 , 600 
2 , 000 
1 , 2 30 
Tota l  
U ni ts 
6 9 6 , 000 
650 , 000 
624, 000 
370,000 
163 , 000 
13.7 ., 800 
60 , 000 
, 49' 200 
Pr otein 
(mg/ml) 
2.5 4  




0. 84  
0 . 24 
0 . 19 
Speci fic 
Acti vi ty 




1 , 935 
2 , 92 0  
3,090 
8 , 350 
6 , 470 
1 
Pur ification s chedu le is as descr ibed in Fig . 1 4 . .Peak I I  of Bio-Gel P-100 was n ot fur ther 
pur ified. 













P ur ified RNase Assa y with Var ied pH and KCl Levels. Table VIII 
63 
sho ws a co mpa rison of  relativ e acti vity of  R Nase peaks I and II fro m 
each cultivar. RNase peak I of Tennessee Winter and Dicktoo extracts 
was chara cterized by higher activity when assayed at pH 7. 0 ,  compa red 
to pH 5 . 0. The RNase activity o f  peak I preparatio ns fro m  bo th 
cultivars wa s red uced b y  the inclusion of  0 . 16 M KCl, when assayed 
at pH 7.0. In contrast, the RNase acti vity of  peak I was enhanced 
by 0.16 M KCl, when assayed at pH 5.0 , The activity o f  RNase peak I 
fro m Tennessee Wi nt e r  was about do uble that fro m Dicktoo barley, when 
compariso ns  were made at each combination of KCl level and pH. 
RNase peak II shows d istinctly different activity characteris tics 
f ro m  that o f  peak I (Table VIII ) .  It d iffered by the fact that an 
assay at pH 5.0 appeared to be more favorab le than at pH 7.0 . This d i f-
feren ce was most prono unced fo r preparations fro m  Dicktoo,  as co mpar ed 
to those from the Te nnessee Winter cul tivar. As fo r peak I ,  0.16 M KCl 
depressed the RNase activity of peak II, when assayed at pH 7. 0. At pH 
5. 0 ,  0.1 6 M KC l enhanced RNase activity o f  the Te nnessee Winter peak II 
enzyme , as it did in peak I ,  but lowered activity fo r the Dicktoo peak 
II preparatio n ,  as compar ed to a slight increase in activity for t he 
Dicktoo pea k I enzy me. 
S ubstrate Specificity. Substrate specificity of  RNase peak I , pur ifi ed 
thro ugh Bio-Gel P-60 chro mato graphy, was investigated fo r bo th Dicktoo 
and Tennessee Winter c ultivars. Table IX shows that the RNase activity 
of Tennessee Winter preparatio n was more than 4 t imes greater than the 
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Table VI II . Characterization as t o  response to ·pH and KCl of the 
RNase fractions of Bio-Gel F-100 (peak I I) and Bio -Gel ..P-60 (Bio-Gel 
P-1 0 0  peak I further purified) of both Tennessee Winter and Dicktoo 
R Nase of Bi o Gel P-601 




5 . 0 
7 . 0 
5 . 0 
Assay 
KCl ( M )  
o . o  
0 . 0 
0 .16  
0 . 16 
Act iv ity 
_ 3 , 2 80 
1 , 640 
1 , 920 
2 , 040 
. 1 
RNase of Bio G el P-60 
( pu ri fied from P-100 peak I )  
- As say Assay Activity 
pH KCl ( M) 
7.0 o . o  1, 360 
5.0 o . o  600 
7 . 0 0. 16 1 , 2 00 
5. 0 0 . 1 6  720 
Tennessee Winter 
Dickt oo . 





5 . 0 
7 . 0  
5. 0 
Assay 
KCl ( M) 
o . o  
0 . 0  
0. 16  
0.16 
Activ i ty 
1, 000 
1 , 360 
8 20 
2 , 000 
2 
Peak II  of  Bio Gel P-100 
As say Assay Act ivity 
pH KCl . (M)  
7 . 0  0. 0 1 , 400 
5 . 0  o . o  2 , 080 
. 7 . o  0.16 840 
5 . 0  · o .16 1 , 760 
1 Bio-Gel P-1 00 peak I was fur ther purified according to Fig. 14 . 
Ass ay was with 0 . 1 ml enzyme and with or without 0 . 16 M KCl. 
2 RNase peak I I  of Bio-Gel Y-100 c hromatography was assayed with 0.5 
ml enzyme and with or without 0 . 16 M KCl. 
-
Table IX. RNase substr ate sp ecificity of Bio-Gel .P-60 pur ified 
protei n from both cultivars when assayed wi th v ar i ous synthetic 
polynucleotides 
Dicktoo Tennessee Wint er 
P-60 Protein 1 1 P-60  Protein 
2 
Act ivity3 3 S ubstrate Activ ity 
( absor bance) ( absorbance) 
Pol y  A ( 2 60 nm) 0 . 78 4. 00 
Poly G ( 250 nm) 0.22 0 . 46 
Poly C (280 nm) 0.70 0 . 60 
Poly u (260 nm) 0.00 0 . 08 
Poly I ( 260 nm) 1. 00 0 . 90 
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1 
Purification of the RNase ( peak I of Bio- Gel P-100 ) thr ough Bio- Gel 
2 
3 
P-60 is descr ibed in Fig. 14. 
Polyn ucleotides purchased from Miles Labor atories were used as  sub-
strate in the assay according t o  Sierr alt a ( 3 3 ) .  The assay mixture 
con sisted of 1 7 -19 mg RNase, 0.1 ml of 0.0 5  M Tr is.:..HCl buffer, pH 
7 . 5, and 200 mg of ·polynucl eotide. 
RNase activity is defined as the absor bance ( at the desig-
nated w ave l ength) of the acid soluble product s of· the assay. 
Wher e absor banc e was greater than 1. 0 ,  dil utions wer e  made and 
absor bance r ead w{th r ecalcul ation of absor bance based on the dilut ion 
factor to express act ivity as a multipl e of 1 .0 absor bance unit. 
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RNas e act ivi ty in t he Dicktoo enzyme s ample, when Poly A was us ed 
as s ubst r at e. Als o, t he RNas e act i vity of t he Tenness ee Wint er RNas e 
prepar at i on was twice as high as t he act ivity of t he Di cktoo p r ep ar a­
t ion when ass a·yed wit h  Poly G. Dickt oo RNas e s hows s l i ght ly greater 
act i vity wi t h  Poly I and Poly C than does t he RNas e fr om Tenness ee 
Wi nt er . No act i v ity was obs er ved wi t h  t he s ubs t r at e  -Poly U fo r eith er 
cult i var . 
Whi le t he results ar e only pr eli mi nary , differ ences i n  speci fi city 
do appear for RNas e peak I of t he two cult i vars under t he cond it i ons of 
as s ay. One major deterr ent for maki ng cor r ect i nt erpr et at i on is t he 
fact t hat t he as s ay was not a r ate s t udy, but r at her act i vi ty was 
meas ur ed at the end of a 3 0 - mi nute ass ay per i od. Addit i onally, t he 
ass ay was meas ured onl y at pH 7. 5. 
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CO NCLUSIONS 
The basic pr emise lead in g to this st udy of RNase pur ific ation was 
based upon obser ved differ ences in the st ability of poly r ibos omes fr om 
two bar ley c ultivar s (2 1 ) . These d ata att r ibuted most of the loss of 
polyribosomes to end ogenous RNA degr ad ing enzymes and suggested that 
those enzymes fr om each cultivar may have unique pr oper ties, if n ot 
differ ing in s pecificity. Results r epor ted her ein have pr ovided addition­
al  suppor t to this concept as shown by 1) differ ing sensitiv ities of the 
crud e RNase fr action of each cultivar to KCl concentr at ion (Fig. 2) , 
2) d iffer in g r esponse t o  phosphate c oncentr atio·n (Fig. 4) and 3) qual-
itative d iffer ences in the acid soluble pr oducts fr om RNase d igest ion 
of yeast RNA (Cr estfield ) ,  when compar ing cr ud e enzymes fr om each 
cultivar (Figs. 11  an d 12) . 
The contr ibutions of gel filtr ation with Bio-Gel P-6 0 and Bio -
Gel P-100 to fur t her RNase pur ificat ion pr ovided mor e evidence that 
these two barley cultivar s were both qualitatively and quantitat ively 
differ ent in their RNase composition . This conclusion was based upon 
the d em onstr ation of two cyclizing-t ype RNases (Fig. 1 5) ,  each of which 
has distinct assay r�quir ement s for maximal act ivity (Table VI I I ) .  
Each also d iffer s with r espect to t he cultivar fr om which it was 
obtained. 
Th e appar ent shift in t he pH optimum of RNase activi ty , for pr ep-
ar ations obtained pr ior to the Bio-Ge l 2-100 chr omatogr aphic st ep, 
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(Fig. 3,  0 . 16 M KCl)_ fr' om pH 5.0 to 7.0 (Fig. 8 ,  no KC1) ref l ected a 
KCl distinction and may have indicated shifts in the proportions of 
acti vity expression of RNase peaks I and II in these preparations. 
·The data in Table VI I I  support this conjecture. I n  general, RNas e 
peak I of the Tennessee Winter cultivar had proportionatel y more RNase 
acti vity than RNase peak I I , in particular at pH 7.0. By comparison, 
RNase peak I I  of the Dick too cultivar showed greater RNase activity 
than RNase peak I at pH 5.0 . 
When comparisons in Table VI I I  were between all assays conducted 
at pH 5 . 0 ,  0 . 16 M KCl stimulated RNase activity of both RNa se peaks I 
and I I  of Tennessee Winter preparation s. The addition of 0.16 M KCl 
only sl ightly stimulated the RNase activity of RNase peak I and markedly 
inhibited the RNase activity of peak I I  Dicktoo preparations. These 
results are theref ore consistent with those in Fig. 2, in which the 
· RNase assay- was conducted at pH 5. 0 on the 144, 000 x g supernatant 
fraction of both cultivars, namely, RNase activity reduction by KCl 
f or only the Dicktoo extracts. This result is also consistent with 
conclusions about KCl requirement f or extraction of stable poly-
ribosomes from Dicktoo compared with Tennessee Winter barley (2 1) . 
Furthermore, since RNase peak I of Tennessee Winter preparations has 
nearly double the activity of that from Dicktoo barley at pH 7.0 , an 
expl anation exists as to why stable polyribosome e xtraction fr om the 
former requ ired adjus.tment to pH 8. 4 (2 1) . The pH optimum of RNase 
a t  7.0 is a r ather b roa d activ i ty peak ( F ig .  8 ) .  Th e e ffective 
·suppression of this activit y requ ired a relativel y higher pH for 
Tennessee Winter extrac ts than was true for Dicktoo extracts, which 
might be expected t o  have a l ower ac tivity at val ues ab ove pH 7 .0 
d ue to a predominance of enzyme with maximal act ivity at pH 5.0. 
The rela tive RNase ac ti vi ti es of RNase peaks I from both c ul ­
tiva rs, with v arious polynucleot ides as substrate, showed the gr ea t-
est activ ity on pol y A and C. I t  is  s ig nific an t, however, that the 
RNase ac tiv ity of the pe ak I Tennessee Winter preparation was four-
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fol d higher on Poly A and t wo-fol d higher on Pol y  G than that of the 
peak I enzyme preparati on from Di cktoo (Tabl e IX). Thus, if gr eater 
availability of these particul ar sites exists in yeast RNA (C restfiel d), 
it could provide an explanation f or the m ore r api d hyd rol ysis of the 
substrate by the Tennessee Winter enzyme. These- results are p relim inary 
and hav e  only been obtained at an assay pH of 7 . 0 . 
Finally, it is to be noted that while the resul ts of several 
kind s of experiments consist entl y have shown the RNA degrad ing ac tivity 
to be d ifferent for the·· two barl ey c ul ti v ars under investigation, f inal 
proof awaits a more complete purifi ca tion of t he enzymes. The pures t 
p repa rati on obta ined contain a marked red uction in estera ses other tha n  
the c ycl iz ing RNa ses, yet the ir c omplete absence ha s not been dem on-
strated. 
It is of considerabl e interest that variability of RNase 
cont ent · has b een demonstrated within the barley species. Un­
published resul ts have shown that among 35 commercial cultivars 
on experimenta l lines, the maj orit y of these appear similar to 
Tennessee Winter in RNase content. Indicati ons are that those 
similar to Dicktoo in RNase composition orig inated from a rather 
restricted geographic region. 
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